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integration	of	 invaders	 into	native	 food	webs	and	 their	competitive	 impacts	on	
resident	species,	results	are	equivocal.	In	addition,	quantifying	the	relative	strength	
of	impacts	from	non-native	species	(interspecific	competition)	versus	the	release	
of	 native	 conspecifics	 (intraspecific	 competition)	 is	 important	 but	 rarely	
completed.






3.	 The	 pond	 experiment	 used	 additive	 and	 substitutive	 treatments	 to	 quantify	 the	
trophic	niche	variation	that	resulted	from	intra-	and	interspecific	competitive	inter-
actions.	Although	 the	 trophic	 niche	 sizes	of	 the	model	 species	were	not	 signifi-
cantly	 altered	 by	 any	 competitive	 treatment,	 they	 all	 resulted	 in	 patterns	 of	







those	of	 the	experiment	 revealed	 the	most	 similar	 results	 between	 the	 two	ap-
proaches	were	for	the	niche	partitioning	between	sympatric	T. tinca and C. carpio.
5.	 These	results	 indicate	that	trophic	niche	divergence	facilitates	the	 integration	of	
introduced	species	into	food	webs,	but	there	are	differences	in	how	this	manifests	
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1  | INTRODUCTION
Biological	 invasions	 are	 a	 substantial	 driver	 of	 global	 environmental	
change	that	have	major	implications	for	native	biodiversity	(Simberloff	
et	al.,	 2013).	When	 an	 introduced	 species	 establishes	 a	 population,	












petitive	 interactions	with	 native	 species	 and	 so	 facilitate	 their	 inte-
gration	into	the	food	web	(Juncos,	Milano,	Macchi,	&	Vigliano,	2015;	
Mason,	Irz,	Lanoiselée,	Mouillot,	&	Argillier,	2008;	Okabe	&	Agetsuma,	
2007).	 In	 situations	where	 resources	 are	 fully	 exploited	 then	 niche	
theory	 predicts	 that	 competitive	 interactions	 between	 invasive	 and	












due	 to	 introductions	 are,	 however,	 not	 limited	 to	 non-	native	 species.	
Impacts	can	also	develop	when	the	population	of	a	native	species	 in-
creases	 in	 abundance.	While	 this	 can	 occur	 naturally	 through	 strong	
recruitment,	 it	also	occurs	when	conspecifics	are	released	to	 increase	
population	 size	 (‘stocking’)	 (Bašić	 &	 Britton,	 2016).	 In	 fishes	 of	 the	
Salmonidae	family,	ecological	 impacts	from	stocking	with	conspecifics	
are	often	stronger	than	those	resulting	from	non-	native	fishes	 (Buoro	
et	al.,	2016).	This	 is	due	 to	 the	 ‘pre-	adaptation	hypothesis’	where	 the	
released	fishes	have	almost	identical	functional	traits	as	resident	species	





et	al.,	 2013;	 Svanbäck	&	 Bolnick,	 2007).	 However,	 differences	 in	 the	
processes	by	which	ecological	impacts	result	from	intra-	vs.	interspecific	
competitive	interactions	remain	poorly	understood	for	many	taxa.
The	 aim	 of	 this	 study	was	 to	 therefore	 test	 the	 trophic	 conse-




























the	 following	 predictions:	 (1)	 competitive	 interactions	 between	 the	
model	 fishes	 significantly	 alters	 the	 size	 of	 their	 trophic	 niches	 and	
reduces	 their	 somatic	growth	 rates;	 and	 (2)	 impacts	 from	 inter-	and	
intraspecific	 competition	 are	 similar	 on	 the	 size	 and	position	of	 the	
trophic	niche	of	the	native	species.	Then,	samples	of	the	model	fishes	
collected	 from	 invaded	 natural	 communities	 tested	 the	 prediction	
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2  | MATERIALS AND METHODS
2.1 | Experimental design
The	 experimental	 design	 (hereafter	 referred	 to	 as	 the	 ‘experiment’)	
used	 10	 additive	 and	 substitutive	 treatments	 across	 a	 combination	
of	allopatric	and	sympatric	contexts,	with	each	treatment	replicated	
three	 times	 (Table	1).	 Three	 control	 treatments	 used	 each	 species	
in	 allopatry	 (‘Allopatry’;	 N	=	8;	 Table	1).	 Three	 substitutive	 treat-
ments	then	paired	the	native	and	non-	native	species	 in	 their	differ-
ent	sympatric	combinations	 (‘Sympatry’;	n	=	4	+	4,	N	=	8;	Table	1).	 It	





















within	each	of	 them	 (primarily	Elodea	 spp.).	Bird	predation	was	pre-
vented	via	netting	over	the	enclosures	(15-	mm	mesh).	The	experiment	












2.2 | Invaded wild fish communities
Three	wild	 pond	 fish	 communities	 (hereafter	 referred	 to	 as	 the	 ‘in-
vaded	communities’)	were	used,	with	each	having	two	of	the	model	
species	present	within	a	mixed	community	of	other	fishes	 (Table	2).	























Allopatry	(T. tinca) 8 0 0 8
Allopatry	(C. carpio) 0 8 0 8
Allopatry	(C. auratus) 0 0 8 8
Sympatry	(T. tinca + C. carpio) 4 4 0 8
Sympatry	(T. tinca + C. auratus) 4 0 4 8
Sympatry	(C. carpio + C. auratus) 0 4 4 8
Intraspecific	competition 12 0 0 12
Interspecific	competition	(4) 4 4 4 12
Interspecific	competition	(8) 8 8 8 24
Interspecific	competition	(12) 12 12 12 36
TABLE  2 Details	of	the	invaded	communities	(Sites	1–3),	including	their	locations,	sizes	and	information	on	the	fish	populations	present
Site Country Location Size (m−2)
Comparator model species 













S. erythrophthalmus; Blicca 










aApproximate	 location	 as	 exact	 location	 unable	 to	 be	 provided	 for	 business	 confidentially	 reasons	 relating	 to	 P. parva	 invasion	 and	 subsequent	
eradication.


















mass	before	 stable	 isotope	analysis	 (SIA)	 (δ13C,	δ15N)	at	 the	Cornell	
University	 Stable	 Isotope	 Laboratory,	 New	 York,	 USA,	 where	 they	












to	 the	 trophic	niche,	 the	 isotopic	niche	 is	 also	 influenced	by	 factors	
including	growth	rate	and	metabolism,	and	thus	represents	a	close	ap-


























from	 replicates	 for	 each	 treatment	 to	 provide	 representative	 sample	
























cific	 growth	 rate	 (SGR)	 per	model	 species	 and	 replicate	was	 deter-
mined from: [(lnWt+1)	−	(lnWt)⁄n]/t,	where	Wt	=	total	 starting	weight,	
Wt+1	=	total	 end	weight,	 n	=	the	 number	 of	 fish	 used	 to	 determine	
W,	and	t	=	the	duration	of	the	experiment	(days).	A	generalised	linear	






3.1 | Trophic impacts of interspecific competition 
from non- native species
Across	 all	 of	 the	 experimental	 treatments,	 the	 isotopic	 niche	 sizes	
(as	SEAB)	of	each	species	varied,	but	their	95%	confidence	 intervals	
always	 overlapped	 between	 allopatry	 and	 sympatry,	 indicating	 no	
significant	differences	 in	 isotopic	niche	size	caused	by	the	competi-
tion	 scenarios	 (Table	3).	 The	 LMEMs	 testing	 differences	 in	 TP	 and	
δ13C	between	treatments	for	each	species	were	significant	(p	<	.01),	
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except	TP	in	C. carpio (p	=	.47)	(Tables	S1–S3).	Pairwise	comparisons	
revealed	the	significant	shifts	TP	and	δ13C	were	mainly	between	the	





















3.2 | Trophic impacts of intra- vs. interspecific 
competition
The	LMEMs	testing	differences	 in	T. tinca δ13C	and	TP	between	al-
lopatry	 and	 the	 intra-	 and	 interspecific	 competition	 experimental	
treatments	were	 significant	 (p	<	.01;	 Table	S4).	 For	 δ13C,	 there	was	
a	significant	difference	between	allopatry	and	the	intraspecific	com-












Tinca tinca Cyprinus carpio Carassius auratus
Allopatry 0.63–1.48 0.42–1.19 0.74–1.84
Sympatry	(T. tinca + C. carpio) 0.50–1.40 1.08–3.88 —
Sympatry	(T. tinca + C. auratus) 0.29–1.06 — 0.32–1.07
Sympatry	(C. carpio + C. auratus) — 0.73–2.96 0.69–2.33
Interspecific	competition	(4) 0.41–1.37 0.39–1.33 0.29–1.01
Interspecific	competition	(8) 0.47–1.46 0.73–2.10 0.48–1.35
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TP	(3.10	±	0.05)	was	significantly	lower	than	when	in	competition	with	
the	two	non-	native	fishes	(3.33	±	0.07)	(p	<	.01;	Figure	2).	Regarding	




3.3 | Impacts of intra- and interspecific competition 
on specific growth rates
In	each	experimental	treatment,	there	was	an	increase	in	total	fish	mass	
in	each	species	across	the	150	days	and	thus	all	mean	SGRs	were	posi-
tive	 (Figure	3).	 The	GLM	 testing	 the	effect	of	 treatment	on	SGR	was	
significant	 for	each	species	 (T. tinca: Wald χ2	=	139.39,	df	=	6,	p	<	.01;	
C. carpio: Wald χ2	=	35.50,	df	=	5,	p	<	.01;	C. carassius: Wald χ2	=	13.73,	
df	=	5,	p	=	.02).	The	effect	of	starting	mass	as	a	covariate	on	SGR	was	sig-






3.4 | Trophic relationships in the invaded 
communities vs. the experiment
In	the	invaded	communities	of	Sites	1	and	3,	there	were	no	significant	
differences	 in	 the	 isotopic	 niche	 sizes	 of	 the	 sympatric	model	 fishes	
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(Site	1:	T. tinca:	1.92	 to	3.01‰2,	C. auratus:	1.64	 to	2.41‰2;	 Site	3:	
T. tinca:	3.04	to	4.27‰2,	C. carpio:	2.97	to	4.03‰2)	(Figure	4).	In	Site	






F IGURE  4 Stable	isotope	biplots	comparing	the	isotopic	niches	(as	SEAc)	of	sympatric	Tinca tinca,	Cyprinus carpio and Carassius	spp.	between	
the	invaded	communities	and	the	experiment.	Plots	a,	c	and	e	are	Field	sites	1,	2	and	3	respectively.	Plots	b,	d	and	f	are	the	comparator	
sympatric	treatments	from	the	field	experiment.	T. tinca:	clear	circles	and	solid	black	line;	C. carpio:	grey	circles,	grey	line;	and	C. auratus:	black	
circles,	black	dashed	line.	Error	bars	represent	95%	confidence	limits.	Note	differences	in	the	X	and	Y	axes	in	a,	c	and	e




position	 than	C. carpio,	but	had	similar	values	of	δ13C	 (Figure	4).	The	
sympatric	treatment	of	T. tinca and C. auratus	was	the	least	similar	to	
their	pattern	 in	the	 invaded	communities,	although	the	T. tinca niche 
was	at	the	higher	trophic	position	in	both	contexts	(Figure	4).
4  | DISCUSSION








significantly	higher	 trophic	position,	whereas	 increased	 intraspecific	
competition	caused	the	niche	to	shift	towards	elevated	δ13C.	Finally,	
there	were	similar	patterns	of	trophic	niche	divergence	between	the	




Ecological	 theory	 relating	 to	 invasions	 posits	 that	 invaders	 can	
out-	compete	similar	native	competitors	by	occupying	a	broader	niche	
(Elton,	1958).	This	has	been	supported	empirically	 in	studies	 involv-
ing	 non-	native	 taxa	 such	 as	 invasive	 crayfish	 (e.g.	 Ercoli,	 Ruokonen,	
Hämäläinen,	 &	 Jones,	 2014;	 Olsson,	 Stenroth,	 Nyström,	 &	 Graneli,	
2009).	By	occupying	a	broad	niche,	theory	suggests	that	the	invader	
suppresses	 the	 niche	 size	 of	 trophically	 analogous	 native	 species	
(Jackson,	Grey,	et	al.,	2016;	Thomson,	2004).	Conversely,	other	stud-
ies	have	suggested	that	when	in	sympatry,	the	trophic	niche	of	both	
the	 invader	and	native	species	will	 constrict	due	 to	dietary	speciali-
sations	(Jackson,	Grey,	et	al.,	2016;	Tran	et	al.,	2015a,	2015b).	In	the	
experiment,	there	were	no	significant	shifts	in	the	trophic	niche	sizes	












by C. carpio and C. auratus,	some	niche	shifts	were	also	apparent	in	the	
intraspecific	competition	treatment,	suggesting	the	presence	of	some	
density-	dependent	effects.	However,	the	divergent	niches	developed	
independently	 of	 changes	 in	 fish	 growth	 rates,	 suggesting	 they	 en-
abled	the	fishes	to	maintain	their	food	intake	rates.
The	results	of	the	experiment	were	also	consistent	with	patterns	
of	 interspecific	 trophic	 niche	 divergence	 detected	 in	 other	 invasive	




pumpkinseed	 Lepomis gibbosus	 and	 native	 fishes	 in	 both	 rivers	 and	
ponds	 (Copp	et	al.,	2017;	Jackson,	Britton,	et	al.	2016).	Jackson	and	
Britton	 (2014)	 detected	 partitioning	 between	 the	 trophic	 niches	 of	
sympatric	P. parva,	C. carpio	and	signal	crayfish	Pacifastacus leniusculus 
in	ponds.	In	entirety,	these	results	suggest	that,	in	freshwater	fishes	at	
least,	 the	 initial	 response	to	an	 invasion	 is	 trophic	niche	divergence,	







Recently,	 studies	 have	 suggested	 that	 ‘native	 invasions’,	 such	 as	




terspecific	 competition	 across	 the	 treatments	was	 also	 a	 simulation	
of	a	‘native’	vs.	‘non-	native’	invasion,	where	the	driver	of	impact	was	
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in	each	site,	especially	in	Site	3,	resulting	in	the	different	size	classes	
of	 fish	 exploiting	different	 food	 resources.	However,	 these	patterns	
were	relatively	consistent	with	those	detected	in	the	experiment.	They	


















timeframes	 than	 the	 invaded	 communities.	 Indeed,	 ecological	 ex-




Bašić	 &	 Britton,	 2016;	 Jackson,	 Pegg,	Allen,	 &	 Britton,	 2013),	with	
these	 successfully	 extrapolated	 to	wild	 populations	 to	 help	 explain	
ecological	patterns	(e.g.	Copp	et	al.,	2017;	Tran	et	al.,	2015a,	2015b).
In	 summary,	 the	 experiment	 revealed	 isotopic	 niche	 divergence	
developed	 between	 the	 model	 fishes	when	 intra-	 and	 interspecific	
competition	was	elevated.	The	magnitude	and	direction	of	niche	di-
vergence	in	the	model	native	fish	did,	however,	differ	between	intra-	
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